Mini Focus: shipping and carbon EMissions

"The Scharnow turn is a maneuver used to bring a ship or boat back to a point it previously passed through and is most appropriate when the point to be reached is significantly further astern than the vessel's turning radius."
US Coast Guard 2010 [1] In 2011, a year of economic recession and upheaval for many industrialized nations, global CO 2 emissions rose by 3.2% from the 2010 figure, which itself was up almost 6% on 2009 [2] . It is against such a backdrop of significant and escalating growth in emissions that the mitigation efforts of all sectors, including international aviation and shipping, are coming under increasing scrutiny. There is a mounting recognition that if "stabilization of GHG concentrations in the atmosphere at a level that would prevent dangerous anthropogenic interference with the climate system" is to remain a serious goal of the international community, these two important sectors will not be exempt from delivering absolute and proportionate reductions in emissions [3] .
This paper focuses expressly on emissions from international shipping. The ana lysis develops from a literal reading of high-level statements characterizing the threshold between acceptable and dangerous climate change, with a similarly precise interpretation of commitments made on mitigation at the global, subglobal and, with regards to shipping, the sectoral level. The paper directly translates the language of climate change obligations into a quantitative framing of absolute reductions in emissions, along with accompanying rates of mitigation. In so doing, and with just one now unavoidable exception (see the global context below), the ana lysis makes no attempt to assuage political or industrial sensibilities. Instead, it proceeds through the sequential logic of commitments on climate change from the international community, the International Chamber of Shipping (ICS) and the International Maritime Organization (IMO), to provide scientifically informed, evidence-based and internally coherent mitigation pathways for the industry.
The principal framing of this paper is consistent with the International Energy Agency's (IEA's) Energy Outlook 2011 [4] and the subsequent and bleak assessments by both the IEA's Chief Executive (Maria van der Hoeven) [101] and their Chief Economist (Faith Birol) [5] :
"The current state of affairs is unacceptable … Energyrelated CO 2 The Copenhagen Accord (and Cancun Agreement) commits the international community to "hold the increase in global temperature below 2°C, and take action to meet this objective consistent with science and on the basis of equity." This article explores the implications of these commitments for the shipping sector. It outlines how the science of climate change places stringent constraints on the sector's emissions at the global level while the equity dimension tightens still further the industry's emissions space for the Annex 1 nations. The mitigation potential of proposed global-scale measures are detailed and the apportionment of emissions between non-Annex 1 and Annex 1 discussed. Building on the scientific framing of cumulative emissions, the article concludes that nothing short of an immediate 'Scharnow turn' is necessary if the industry is not to capsize wider efforts to "hold the increase in global temperature below 2°C". It is against this backdrop of rapidly escalating emissions, mounting anxiety over the accompanying impacts and express commitments to prevent dangerous interference with the climate system that this paper considers the role and responsibility of international shipping.
The ana lysis proceeds through the seven sections, and includes a suite of quantified mitigation pathways for shipping and a numerical appraisal of how these compare with the best endeavors for emission reductions proposed by the industry.
The global context
The international community, through Article 2 of the UNFCCC, commits to the "stabilization of GHG concentrations in the atmosphere at a level that would prevent dangerous anthropogenic interference with the climate system" [3] . However, it was not until the 2009 Copenhagen Accord that there was international agreement as to what quantitatively constituted 'dangerous interference' and from which clear global levels of mitigation could be robustly developed. The Accord stipulates that collectively the global community should "hold the increase in global temperature below 2°C, and take action to meet this objective consistent with science and on the basis of equity" [7] . While a relatively simple statement, the Accord reflects similar commitments expressed previously at more regional and national levels [8, 9] and later as part of the Cancun Agreement.
The framing of 2°C as 'at or below', 'do not exceed', 'hold below', 'must rise no more than' and other similar language, all imply a high chance of it not being exceeded (the 2°C figure is relative to preindustrial levels, with, in 2012, 0.8°C of that rise having already occurred). Translating this qualitative language of chance into quantitative probabilities enables cumulative emissions budgets to be derived [10, 11] . The greater the chance of remaining below 2°C, the smaller the quantity of emissions (carbon budget) that can be released during the 21st century. It is in making this translation from probabilities to budgets that an exception to the literal reading of commitments informing the remainder of this paper is made. As it stands, and despite continued high-level statements to the contrary, the emissions released since the start of the millennium have already made it probable that the 2°C of warming will be exceeded. Consequently, and using the IPCC 'likelihood scale' of probabilities, the ana lysis within this paper is premised on a highly conservative reading of to "hold … below 2°C" [12] . Although the commitment enshrined in the Accord aligns with an 'exceptionally unlikely' (1%) to 'very unlikely' (10%) probability of exceeding 2°C, the reality of emissions in 2012 leaves the international community with, at best, 'about as likely as not' (33-66%) chance of 2°C.
In 2011, Anderson and Bows developed suites of emission pathways for CO 2 commensurate with a range of probabilities of exceeding the 2°C threshold [10] . Building on updated versions of these energyonly emission budgets, this paper adopts two global budgets of energy-related CO 2 emissions, both of which sit within the IPCC's 'about as likely as not' range. Moreover, both assume highly optimistic reductions in emissions from deforestation and around a halving of current non-CO 2 emissions/capita from food production by 2050. The first budget offers a 37% chance of exceeding 2°C and equates to approximately 1320 GtCO 2 between 2000 and 2100. The second is less constrained, with a 50% chance of 2°C and an accompanying budget of approximately 1580 GtCO 2 . These cumulative values based on Macintosh [13] relate to the emission pathways of Anderson and Bows [10] ; however, in practice it should be considered as a guide to approximate budgets that relate to an approximately 40 and 50% chance of staying below 2°C.
These proposed budgets are, as noted, premised on a highly conservative reading of international (and many national) commitments around 2°C. As such, the accompanying levels of mitigation are significantly reduced from those that would accompany a more literal translation. It is this background of already weakened international resolve that the commitments from the shipping sector are now considered.
Shipping's headline commitments on climate change
The IMO and the ICS are, respectively, the UN regulatory agencies responsible for shipping and the "principal international trade association for merchant ship operators" (covering ~80% of the world's merchant fleet [102] ). Within this section, the headline positions of both the IMO Secretariat and ICS on the shipping industry's role in mitigating emissions are considered; these are later contrasted with the detailed ana lysis provided by various IMO reports (particularly the Second IMO GHG Study 2009 [14] and the 2011 Assessment of the IMO Mandated Energy Efficiency Measures [15] ). Where statements are attributed to the IMO, these hereafter relate to the Secretariat and do not necessarily accord with the views of its 170 members.
The shipping industry has a well-established and often-cited view that the regulatory preserve of international shipping should reside solely with the IMO, exempt from any national or regional interference. The IMO Secretariat asserts not only that " [T] he overarching logic of the international shipping industry requires an international regulatory regime," but that it is "imperative" that such "regulation should, without exception, be the responsibility of an international body exclusively dealing with maritime matters" [16] . It proceeds to note that, with the requisite skills and experience, it (the IMO) is "uniquely placed" to deliver on broader climate change objectives. The ICS echo this position, with the Secretary-General stating, "it is imperative [the] IMO [be left] to consider and provide the right answers at the right time -without any external pressure on the organization" [17] . Moreover, the ICS attest to there being strong support among ship owners for "global rules for a global industry", and that applying regionally specified rules would lead to "chaos, inefficiency and serious market distortion" [18] .
The ICS provide still further clarification as to their recommendations for regulating the industry when they note how shipping resembles a "sovereign nation" and, hence, does not lend itself to "inclusion in national CO 2 reductions targets," but instead requires a "special global regime for shipping" [19] . Although outside of the IMO and ICS, there is a range of proposals from different shipping-related organizations as to the specific instruments for controlling emissions (e.g., the report by shipping organizations across the UK, Australia, Sweden, Norway and Belgium [20] , and the long list of proposals for market-based measures submitted to the IMO [21] ), the notion of a "special global regime for shipping" exempt from national or regional interference remains pivotal to them all.
Given the shipping industry's vigorous defense of the IMO having exclusive control of the sector's emissions, the question arises as to what role do the IMO and ICS envisage shipping has in delivering international commitments to reduce emissions. As the SecretaryGeneral of the IMO stressed, there is an urgent need for "tough decisions" and "total and undivided commitment" in responding to the challenges of climate change; a position supported by the Chairman of the ICS when he declared that, "The ultimate goal of the shipping industry is simple: zero accidents, zero loss of life and zero pollution" [19] . More specifically, both the IMO and the ICS are adamant that the "shipping industry is committed to playing its part in further reducing its CO 2 emissions," and that this "must be proportionate to shipping's share of the total global emissions (less than 3%)" [103] . This issue of shipping's share of the mitigation effort is commonly evoked by the industry, most notably in submissions to the UNFCCC where, for example, the IMO make clear that the sector "will make its fair and proportionate contribution towards realizing the objectives that this Conference [Durban 2011] and the global community pursue" [22] . The ICS go further and suggest the industry's CO 2 emission reductions "should be at least as ambitious as the CO 2 emissions reduction agreed under any new UNFCCC" [23] .
Quantifying mitigation objectives for shipping
Bringing together high-level statements on climate change by the international community, with those from the IMO and ICS on behalf of shipping, points to a sequential logic of commitments from which a quantifiable emission-reduction pathway for shipping can be derived. The following list summarizes the headline statements detailed earlier:
� The international community has committed to work together to "prevent dangerous anthropogenic interference with the climate system"; � The Copenhagen Accord and Cancun Agreements define a warming of 2°C as the appropriate threshold between acceptable and dangerous climate change;
� 141 global nations (representing ~90% of total global emissions) have either signed or expressed their intention to be listed as agreeing to the Copenhagen Accord;
� The IMO has announced that the shipping industry "will make its fair and proportionate contribution" to meet internationally agreed levels of mitigation; � The ICS and IMO argue for there to be a "special global regime for shipping" whereby it be subject to regulation as if it were a sovereign nation;
� The ICS declare that mitigation from the sovereign nation of shipping will "be at least as ambitious" as those agreed under the UNFCCC.
Taking these statements as a genuine reflection of the concerns and intentions of the industry, the IMO and ICS affirm that the level of mitigation from shipping will be at least equivalent to that required of a typical sovereign nation in delivering approximately 50% probability of avoiding 2°C of warming. Having established this as a clear objective of the industry and building on the discussion previously it is possible to develop a quantified emission pathway for the industry.
Before proceeding to construct such pathways, there is a pivotal refinement to the IMO principle of 'no more favorable treatment for ships' that needs to be considered. Presently, all IMO regulations, once ratified are, de facto, applied equally to all ships regardless of the flag of registration or nation of ownership, for example (apart from if a ship operates only in those waters outwith the jurisdiction of nations that have ratified the particular regulation/convention). In contrast with this principle, but in line with the Kyoto principle of 'common but differentiated responsibility' (CBDR), some nations (China, Indian and Brazil among them) have argued that mitigation effort should only be demanded of the Annex 1 nations, with non-Annex 1 nations exempt from control. While there may be merit for and against this position, and certainly it is an area of major discussion within the IMO, this article treats 'no favorable treatment' and 'differentiated responsibility' as equally legitimate, with quantitative ana lysis developed for both positions. However, in relation to CBDR, the suggestion that non-Annex 1 shipping should be exempt from significant control needs to be adjusted in line with the aggregate constraints on emissions accompanying 2°C budgets and pathways. Given the quantity of emissions released between 2000 and 2012, emissions budgets and pathways for an 'as likely as not' chance of staying below 2°C leave no option but for non-Annex 1 nations to begin significant reductions in emissions as early as 2020-2025, with inevitable repercussions for emissions from their shipping sector [10] . Given this and building on the sovereign nation framing of the shipping sector proposed by the ICS and IMO, non-Annex 1 shipping emissions (under CBDR) are assumed to change at the same rates as those of a mean non-Annex 1 nation (i.e., across the aggregate of all sectors).
Developing mitigation pathways for shipping
This paper began by transposing high-level statements forthcoming from the international community, in terms of probabilities of preventing 2°C of warming, into global emission budgets for the 21st century. Even with a highly conservative reading of international commitments these budgets place substantial constraints on any subsequent emissions pathway. This section takes these budgets (1321 GtCO 2 for ~60% chance of staying below 2°C and 1578 GtCO 2 for a 50% chance) and develops a small suite of scenarios for shipping, all of which meet the ICS and IMO recommendation that there be a "special global regime for shipping" whereby the sector is assumed to resemble a sovereign nation. Allied with the IMO and ICS's assertion that the shipping sector (as a sovereign nation) will make "at least" its "fair and proportionate contribution" to 2°C emission budgets, the ana lysis proceeds to use updated CO 2 -only emission pathways from Anderson and Bows as a basis for deriving emission pathways for shipping [10] .
If shipping is to be considered a typical nation, it must deliver rates of mitigation "at least as ambitious" as those for the nations with which it is being compared. In this regard, the pathways developed in this paper fall into two regimes. The first (Regime A) assumes shipping matches the mitigation effort of a typical global pathway; that is, delivering a rate of mitigation equivalent to the global mean. The second (Regime B) takes account of CBDR and disaggregates global emissions between Annex 1 and non-Annex 1 nations. The mitigation effort required of the respective shipping regions is then assumed to follow the mean rates of change in emissions of either Annex 1 or non-Annex 1 nations. In developing the analysis, this paper makes no judgment as to the veracity or otherwise of arguments on whether or not shipping should be subject to CBDR or, if it is, how Annex 1 and non-Annex 1 shipping should be distinguished (see Gilbert and Bows [24] and Heitmann and Khalilian [25] for assessments of apportionment and allocation of shipping emissions). To ensure the arguments in the discussion section hold for different interpretations of what constitutes Annex 1 and non-Annex 1 shipping, the ana lysis of Regime B is developed on a proportional rather than absolute basis.
Figure 1A-C illustrates graphically three families of global, Annex 1 and non-Annex 1 emission pathways for cumulative budgets accompanying a 50 and 60% chance of staying below 2°C. These budgets are for CO 2 only from energy and industry, and assume highly
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optimistic reductions in rates of deforestation with the accompanying cumulative emissions (~266 GtCO 2 between 2000 and 2100) subtracted from total global CO 2 emissions [10, 26] . The plots are founded on Anderson and Bows' paper [10] adjusted to account for the emission estimates now available for 2009-2010 (5.9% increase) and 2010-2011 (3.2% increase) [2] . These values are considerably higher than those Anderson and Bows had assumed in their paper (1.5 and 0.8%, respectively), demonstrating how the already unprecedented high levels of emissions and rapidly eroding 2°C emission budgets coupled with relatively small changes in emissions levels can have a disproportionately high impact on the post-peak mitigation rates.
In relation to shipping, the global curves in Figure 1 reflect the rates of mitigation that would be necessary from a shipping industry delivering reductions at least as ambitious as a typical sovereign nation (Regime A). The Annex 1 and non-Annex 1 curves similarly illustrate shipping's mitigation effort under a CBDR-based scheme (Regime B). These CBDR pathways build on the Copenhagen Accord's reference to mitigation being developed on the "basis of equity" and "that the time frame for peaking will be longer in developing (nonAnnex 1) countries" [10] . Accordingly, non-Annex 1 emissions are assumed to continue to grow, albeit at a slower rate, out to a peak in emissions in 2020 (40% > 2°C [S1] and 50% > 2°C [S2]) and 2025 (50% > 2°C [S3]). These dates are chosen to reflect the political, economic and technical constraints of reaching a peak in emissions before 2020 and the impossibility of adhering to the proposed 2°C budgets if peaking extends beyond approximately 2025. Table 1 quantifies the headline deliverables of the shipping industry if it is to make its fair and proportionate contribution towards global-scale mitigation compatible with 'about as likely as not' chance of 2°C. It is important to note that all the pathways require an extremely early peak in global emissions. Moreover, even under a CBDR (Regime B) and with Annex 1 nations beginning an immediate transition to rapid annual reductions in emissions, non-Annex 1 nations would still need a peak in shipping emissions by 2025 at the latest.
Comparing 2°C pathways with IMO policies
This section comprises two principal areas of discussion. The first reflects on the IMO's flagship policies, the Energy Efficiency Design Index (EEDI) and the Ship Energy Efficiency Management Plan (SEEMP), comparing their likely impact with the IMO's and ICS's high-level commitments for shipping as a sovereign nation (Regime A). The second builds on this ana lysis, but with responsibility for the shipping sector's emissions divided between Annex 1 and non-Annex 1 regions, broadly following the UNFCCC framing of CBDR (Regime B).
The ana lysis in this section is cognizant of discussions ongoing within the IMO as to the potential for 'marketbased mechanisms' to complement (or potentially substitute) forthcoming legislation [27] . However, on reflection, the scope for market-based measures to deliver significant reductions of 'in-sector' emissions appears to be only marginal when compared with the IMO commissioned assessment of reductions from the EEDI and SEEMP [15] . The majority of reductions estimated for the ten market-based measures analyzed by the IMO's 
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Expert Group tasked with assessing the "feasibility and impact of possible market-based measures" are achieved "out of sector" [21] . With regards to cumulative emissions accompanying the 2°C pathways, the options for trading outside of the sector are so constrained as to have little value (see discussion in the 'Policy and practical implications' section). Consequently, while there is certainly scope for market-based mechanisms to offer marginal in-sector reductions (relatively), they are currently neither sufficiently well developed nor envisaged as capable of delivering significant absolute reductions to be considered here.
� Shipping as a sovereign nation (Regime A)
The ana lysis in the previous section took high-level and qualitative statements on climate change by the international community and shipping sector and translated these into quantitative mitigation pathways for the shipping industry. In all but one important respect (i.e., a high probability of <2°C is no longer possible) the translations were literal with declarations of intent taken at face value. The subsequent pathways therefore offer a relatively unambiguous and quantitative representation of the IMO and ICS's headline commitments with respect to the industry's emissions, and against which the detailed mitigation polices of the IMO can be evaluated. In October 2011, Lloyd's Register in partnership with Det Norske Veritas authored an Assessment of IMO Mandated Energy Efficiency Measures for International Shipping [15] . The IMO commissioned report built on the authoritative Second IMO GHG report (2009), and projected and analyzed the reductions from the EEDI and SEEMP [14] . These flagship mechanisms for controlling shipping emissions were mandated by the Marine Environment Protection Committee in July 2011. Both the EEDI and SEEMP come into force from the start of 2013 and will apply to all new ships of 400 gross tonnes and above.
The Assessment of IMO Mandated Energy Efficiency Measures for International Shipping is a detailed report in which a range of scenarios are developed of the industry's emissions out to 2050. The IMO's fleet growth assumptions are based on two of the Special Report on Emissions Scenarios (SRES) families, A1B and B2 (the earlier second IMO GHG report used the full range of SRES scenarios, the majority of which fit within the A1B to B2 range) [28] . The A1B scenario is one of the higher growth scenarios of the SRES range (A1FI is higher in the longer term) and is broadly reflective of recent trends. B2 is still a growth scenario, but assumes notably lower economic growth and consequently a lower rate of fleet expansion. The IMO emission scenarios are developed assuming different levels of uptake (waivers) of the EEDI and SEEMP. However, for this ana lysis the high-level mitigation pathways (S1, S2 and S3) developed in the previous section are compared with full implementation of both the EEDI and SEEMP mechanisms. It is this optimistic interpretation of emissions reductions forthcoming from the EEDI and SEEMP that is compared, in Figure 2B , with the IMO's and ICS's highlevel assurances of what the shipping industry will deliver on climate change. gross domestic product (see period 1990-2010) and, consequently, the IMO scenarios could reasonably be described as reflecting the more optimistic end of the orthodox spectrum of emission estimates. The divergence between the IMO and ICS headline rhetoric on mitigation and the quantified assessment of their policies is starker still than the 300% rise suggests. If the sovereign nation of shipping is to deliver at least its fair and proportionate contribution to a likely as not chance of 2°C, its emissions need to reduce by approximately 70-80% from their 1990 levels by 2050 (this assumes shipping follows a stringent emissions pathway similar to that outlined in Figure 1 ). Bringing this forward to 2010 (866 MtCO 2 ), a reduction of 85-90% is necessary, with emissions falling to between 87 and 135 MtCO 2 by 2050.
Relating these 2050 figures, derived from the IMO and ICS's headline statements, to those proposed under the IMO's A1B future, show the discrepancy rising an order of magnitude to between 1400 and 2200%. Even if the economic constraints of B2 are assumed to dominate the coming decades, the difference between Figure 2 , the shipping sector is already above and rapidly diverging from any reasonable 2°C emissions pathway. Consequently, if shipping is not to exceed its carbon budget, developed in accordance with the ICS's insistence that the sector's contribution "must be proportionate to shipping's share of the total global emissions (less than 3%)," the 2050 emissions will likely have to be below 87-135 MtCO 2 to compensate for its current emission trajectory. This suggests a yet further increase in the percentage discrepancy noted earlier.
The scale of divergence between the industry's claims to be reducing its emissions and the rapid emissions growth enshrined within the IMO's detailed scenarios is stark; so much so that this analysis risks being dismissed simply as a mistake or a misunderstanding of the numbers. To help alleviate such concern, the following bullet points summarize the fundamental reasoning behind the ana lysis, demonstrating succinctly how such a level of divergence has arisen: � The shipping sector expressly wants to be exempt from 'national CO 2 reductions targets', instead being subject to a "special global regime for shipping" with the sector ostensibly treated as if it were a sovereign nation;
� The IMO and ICS assert it will deliver on mitigation "at least as ambitious" as the "global community pursue" under the Copenhagen Accord and Cancun Agreements (i.e., to hold below 2°C);
� Even a highly conservative reading of the science and accompanying probabilities suggests that an approximately 50:50 chance of avoiding 2°C demands a 70-80% (compared with 1990) reduction in emissions from energy by 2050 (assuming a stringent emissions pathway is followed); � Contrasting these high-level objectives with the detailed ana lysis of the IMO demonstrates that its flagship mitigation mechanisms (EEDI and SEEMP) are set to deliver a rise in emissions from 468 MtCO 2 in 1990 to 1895 MtCO 2 in 2050; an increase of approximately 300% rather than a reduction of approximately 80% (to ~100 MtCO 2 );
� Set against the IMO, ICS and global communities' commitment to "hold the increase in global temperature below 2°C", the shipping industry's EEDI and SEEMP leave the sector on a trajectory for emissions to be approximately 2200% higher by 2050 than is their fair and proportionate contribution.
Further to concerns over the gulf between the industry's high-level declarations and mandated policies on mitigation is a serious unease with regards to the language typically used to describe the predicted and unprecedented increase in absolute emissions.
The IMO's 2011 report repeatedly refers to how "mandatory reduction measures [EEDI and SEEMP] from 2013 and onwards will lead to significant emission reductions by the shipping industry"; this is despite the quantitative ana lysis showing a two-to four-fold increase in CO 2 emissions (compared with 1990) [15] .
Within the 61-page report, the reduction in shipping CO 2 emissions is referred to on 53 pages, with the word 'reduction' used in excess of 300 occasions to describe the industry's rapidly rising emissions. In contrast, the report makes brief reference on just four occasions to how "none of the scenarios will achieve a reduction in absolute total CO 2 level from shipping relative to year 2010" [15] .
� Shipping under CBDR (Regime B)
The ana lysis demonstrates how any reasonable interpretation of the IMO and ICS's high-level proposals for international shipping implies radical and early emissions reductions. However, while the overall global cap may be severely constrained, moving from the IMO's principle of "no more favorable treatment" towards a differential division of mitigation, does offer some latitude for non-Annex 1 regions, but at the expense of still more stringent caps for Annex 1. Figure 3A -C recast the pathways demonstrated earlier in Figure 1A -C into shipping-specific levels of mitigation relative to 1990. Figure 3A presents shipping as a single sovereign nation, similar to the plots in Figure 2A (Regime A), but illustrating percentage change rather the absolute emissions. While Figure 3A illustrates graphically the IMO and ICS's preference for a regime based on 'no more favorable treatment', it fails to address the Copenhagen Accord's emphasis on equity, specifically "that the time frame for peaking will be longer in developing (non-Annex 1) countries." In this regard, Figure 3B & C more appropriately captures the equity dimension of international agreements. The growth in emissions, from non-Annex 1 shipping out to a peak between 2020 and 2025, is compensated by a much more challenging reduction rate in emissions from Annex 1 shipping. However, despite weighting the global 2°C emission budgets in favor of the non-Annex region, the pathways in Figure 3B are nevertheless very challenging for those nations. Not only are 2020 and even 2025 very early peaks, but the emission growth rate to those peaks is substantially lower than the trend in economic growth for the non-Annex 1 region; historically, growth in shipping (and hence emissions) typically exceeds economic growth. Moreover, the post-peak emission reduction soon reaches between 6 and 8% per annum. Consequently, even a CBDR-based apportionment of shipping's contribution to 2°C places substantial and early constraints on shipping associated with non-Annex 1 nations.
Turning to the small remaining emission space for Annex 1 nations, the challenge is clear and the policy implications are without precedent. Annex 1 shipping needs to begin reducing its absolute emissions immediately, rapidly moving through a period of transition and towards absolute mitigation rates of 6-12% per annum (Table 1) Ultimately, the real challenge for the shipping industry arises not from how to divide shipping's emissions between non-Annex 1 and Annex 1, but from the small and rapidly reducing carbon budget accompanying the international community's 2°C commitment. The unprecedented scale of mitigation demanded of shipping in this paper is commensurate with the ICS's contention that the industry's contribution should be proportionate to its role in global emissions (<3%). Each of the three global shipping pathways (S1, S2 and S3) describe 2000-2050 carbon budgets equivalent to a little over 2% of the total global energy-only budget. Similarly, each pair of non-Annex 1 and Annex 1 pathways (S1 A , S1 NA and so on) collectively meets the ICS criteria of representing under 3% of the global carbon budget.
Policy & practical implications
This paper compares high-level and quantitative statements on climate change from both the international community and representative bodies of the shipping industry, with the key mitigation policies mandated for that industry. Although the ana lysis is independent of political or industrial sensibilities, where a range of quantitative values or probabilities reflects qualitative statements, the paper favors the more conservative position. Consequently, while the conclusions may point to a fundamental rethink of the role of shipping in contemporary society, they are premised on a dispassionate and orthodox ana lysis.
The IMO and ICS's assertion that the sovereign nation of shipping should deliver mitigation in line with global community's commitment to 2°C is in complete contradiction to the measures it proposes. 
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This paper demonstrates that a shipping industry not in receipt of favorable treatment would need to rapidly transit to a low-carbon pathway, delivering in the region of an approximately 80% reduction in absolute emissions by 2050. By contrast, and even with full implementation of the industry's flagship mitigation measures, shipping emissions are set to increase fourfold compared with 1990. The scale of the void between what is necessary and what is proposed is staggering; this would remain the case even if proposed marketbased mechanisms were to be agreed and implemented [27] . Assuming economic growth a little below recent trends, the industry envisages shipping emissions in 2050 of 1895 MtCO 2 ; this contrasts with shipping's fair and proportionate contribution to a 50:50 chance of holding the increase in global temperature below 2°C of approximately 100 MtCO 2 . In short, even if the industry's EEDI and SEEMP are fully implemented, shipping emissions in 2050 will be almost 2000% higher than the IMO and ICS's rhetoric suggests. Turning to cumulative emissions, the ICS and IMO repeatedly emphasize that the industry's mitigation efforts "must be proportionate to shipping's share of the total global emissions (less than 3%)." However, while the three 2°C pathways developed in this paper (S1, S2 and S3) deliver on the 3% criteria, the IMO's own pathways represent in the region of 8% of the total cumulative budget for 2°C.
Against such a backdrop of quantitative confusion, this article suggests the previous IMO SecretaryGeneral's assertion that "it is always important to proceed with due diligence and make decisions only after the debate, on the basis of well-founded argumentation" masks a much more opportunist reality [29] . This challenging statement is further supported through examining the language used by the IMO and ICS in describing how shipping emissions are anticipated to develop over the coming decades. While the quantitative detail within all the major IMO climate change reports confirms rapidly rising emissions, the qualitative language, with few exceptions, describes reductions in emissions. The smoke and mirrors in all this is provided by business-as-usual scenarios, against which reductions are projected to occur. For example, while the IMO's 2011 report projects a quantitative rise in absolute emissions of 1427 MtCO 2 (compared with 1990) by 2050 (for an A1B future), the more generic description of this is of a 41.1% emission reduction (compared with 2010) [15] . As noted earlier, it is this language of 'reductions' that dominates the qualitative narrative of the 2011 and other IMO reports on emissions. Similarly, the language of 'reduction' is regularly evoked by the ICS. When their chairman asserts, "shipping … should play its part in reducing CO 2 emissions" noting the IMO's "ground breaking agreement on technical and operational measures to reduce shipping's CO 2 ", it is not evident that the reduction he refers to is, according to the industry's own ana lysis, actually a fourfold increase in emissions.
In an idealized world, the divergence between the shipping industry's reality and rhetoric could, at least to a degree, be alleviated through carbon trading or the imposition of significant and additional carbon-related costs. However, in practice, trading is not viable as the abject failure of the shipping industry to mitigate its emissions in line with 2°C is paralleled by other sectors' and nations' similar failure. Consequently, meaningful 2°C trading, premised on the scientific framing of cumulative budgets rather than inappropriate longterm targets, would be dominated by buyers, both nations and industries. The dilemma described in this paper is therefore not only of consequence to the shipping industry, but has repercussions across all nations and, less directly, industries.
Nonetheless, shipping, as the IMO and ICS imply, is arguably more culpable than are other industries. As they repeatedly stress, the unique nature of shipping demands a dedicated and "special global regime" with it "treated like a sovereign state in its own right". Therefore, while industries are typically subject to the authority and control of their respective nation states, shipping, under the auspices of the IMO, has direct responsibility for its own emissions. Accordingly, if it is to claim scientific legitimacy and coherence for its stated position on climate change, it is incumbent solely on the IMO to reconcile shipping's high-level commitments with its detailed policies. In this regard, shipping is unique amongst industries. As such, the IMO needs to either rapidly implement measures for reducing its absolute emissions or openly renege on its high-level commitments; that is, to reject international obligations approximately 2°C and prevention of 'dangerous interference with the climate system'.
This penultimate section assumes the IMO are to maintain their stated commitments and deliver shipping mitigation "at least as ambitious" as the "global community2 have approved through the Copenhagen Accord and Cancun Agreement. The intention of the following suggestions is not to provide a definitive priority of action, but rather to give a flavor of what the scale and immediacy of emission reduction outlined in this paper demand of the industry. While in isolation the suggestions may be denounced as naive and misguided, it is important they be set within the context of the IEA's assessment that existing emission trends are in line with a 6°C rise by 2100 [5] To understand the quantitative levels of mitigation shipping needs to deliver, Table 3 summarizes the decadal reductions accompanying a fair and proportionate contribution to an approximate 50:50 chance of 2°C stabilization.
� Illustrative proposals for delivering a decarbonized shipping industry
The following provisional suggestions are intended to complement those more incremental improvements in relative operational and technical efficiency captured in the EEDI and SEEMP.
Changes within 1-10 years
These are likely to be driven principally within existing ships and infrastructure:
� Slow steaming for all but exceptional loads; � Optimized logistics for minimum fuel use with fleetwide implementation prioritized over commercial merit;
� Immediate and mandatory fuel consumption reporting;
� Shifts in demand and goods freighted (guarding against substitution to higher-carbon freight modes);
� A comprehensive programme of low-carbon retrofit (including renewable energy supplements; e.g., kites);
� A significant increase in the scrappage rate beyond the 3% typically considered [15] .
These measures, complemented with the SEEMP and EEDI, would need to be ratcheted up to a level where they collectively deliver in the region of a 15% reduction in absolute emissions by around 2020. Provisional ana lysis suggests this is viable (i.e., ~2% improvement in fleet efficiency per annum), but it would be highly unlikely that in the short term even such a modest absolute reduction could be reconciled with significant growth in global freight.
Changes between 2020 & 2030
Alongside a continuation in the rapid roll-out of incremental improvements identified above, the following more fundamental changes would need to be penetrating the industry: � High-efficiency, low-carbon ships designed for slow steaming and highly optimized logistics (prompted by increased scrappage rates);
� New commercial models commensurate with fleetwide, low-carbon optimization (collaboration co-existing with competition) widespread amongst major ship operators;
� Low-carbon fuels throughout existing fleet and above levels in EEDI and SSEMP, including sustainably certified biofuels; � Significant increase in freight tariffs changing demand and forcing shifts in customer practices;
� Rapid reduction in fossil fuel trade driven by an expansion of decarbonized and indigenous renewable energy [30] .
The technical, operational and economic transitions outlined here have the potential to catalyze further low-carbon changes both within the freight industry and across the customer base. Nevertheless, the 3.5% 
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per annum reductions in absolute emissions necessary to deliver the 2030 target will still place substantive constraints on any growth of the sector.
Changes between 2030 & 2050
This is the period where the previous groundwork needs to initiate an annual emission reduction rate almost twice that of the previous decade. This requires not only continued vigilance on maintaining and, where possible, increasing the incremental changes already set in train, but also demands a wholesale shift to very low-carbon vessels allied with potentially controversial reductions in demand, for example: � Very stringent regulation or incentive mechanisms to deliver a wholesale shift to low-carbon shipping;
� Highly optimized and coordinated merchant fleet providing very low-carbon trade -with costs passed onto the customers;
� High scrappage rate moderated through more modular design;
� Where technical and operational efficiencies are unable to deliver on obligatory reductions, demand management becomes unavoidable.
Post-2030, the emission reduction rate is over 6% per annum -with an almost decarbonized merchant fleet operating internationally by 2050. The threat of demand management has the potential to prompt a near-paradigm shift in the industry, with many practices previously considered unworkable now having a niche in a reformed industrial structure. Overall, however, the obligation to reduce emissions by 85% compared with 2010/2012 is liable to take its toll on the total tonnage of goods traded. This may, to a degree, be compensated by a substantial rise in the value per tonne of goods transported.
Conclusion
In 2012, with GHG emissions rising at unprecedented rates to unprecedented levels, one clear certainty is that the future will be very different from the past. Whether this future manages the excesses of the present within planetary boundaries, or whether, as the IEA chief economist notes, we continue towards "a temperature increase of 6°C" with "devastating consequences for the planet", is a decision the international community now faces.
As it stands, the shipping industry's response extends across the 'horns of the dilemma'. On the one hand the IMO and ICS maintain a strong but rhetorical pretence of making their fair and proportionate contribution towards global commitments on climate change, while on the other, they simultaneously are planning for emissions to rise by almost 300% compared with those from the industry in 1990.
The shipping sector's high-level declarations of responsible action contrasting with woefully inadequate policies are reflective of the Machiavellian duality exhibited by many industries and nations. This paper, with its focus on shipping, has sought to clarify the scale of the apparent masking of rapid, substantial and planned emissions growth by the industry. The paper concludes that for shipping to make its "fair and proportional" contribution to even an outside chance of "preventing dangerous interference with the climate system" a fundamental change in its emissions pathway is essential.
The final words of this article are appropriately those of the then Secretary-General of the IMO and his succinct and candid observations on our present malaise with regards to mitigation: "This cannot, and should not, go on. We need to make some tough decisions, we need to make them now … Faced with facts we cannot argue against, we need to consider our priorities and accept that we have to make certain sacrifices; we need to start putting ' life' ahead of ' lifestyle'."
Future perspective
As we accelerate towards dangerous levels of climate change it is difficult not to be pessimistic about the future. At the same time as there is a growing void between modeled pathways for 2°C and trends in fossil fuel emissions, others are couching increases in absolute emissions as reductions. As long as this misleading situation continues, those with the power to deliver change will remain ill-equipped to develop appropriate mitigation and adaptation strategies. By contrast, if academics communicate plainly the stark implications of failing to address short-term mitigation, sectors such as international shipping would be required to recast their polices away from incremental and towards step-change responses to climate change. Communication and debate is key, and it is the responsibility of academics to engage candidly and robustly with industry, policymakers and civil society.
Executive summary
The global context � Growth in global fossil fuel emissions across all sectors is significant and escalating. � Mitigation efforts of all sectors, including international aviation and shipping, are coming under increasing scrutiny.
Shipping's headline commitments on climate change � Both the International Maritime Organization (IMO) and the International Chamber of Shipping (ICS) are adamant that the "shipping industry is committed to playing its part in further reducing its CO 2 emissions" and that it "must be proportionate to shipping's share of the total global emissions (less than 3%)." � The ICS go further and suggest the industry's CO 2 emission reductions "should be at least as ambitious as the CO 2 � Even with "common but differentiated responsibility", non-Annex 1 shipping emissions must soon peak and reduce at 6-8% per annum thereafter; Annex 1 shipping requires an immediate reduction in emissions of 12% per annum (Table 1) . Policy & practical implications � Ultimately, the real challenge for the shipping industry arises not from how to divide shipping's emissions between non-Annex 1 and Annex 1, but from the small and rapidly reducing carbon budget accompanying the international community's 2°C commitment.
� For shipping to make its 'fair and proportional' contribution to even an outside chance of avoiding a 2°C temperature rise, a fundamental change in its emissions pathway is essential.
